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Introduction
The European Union Statistics on Income and Living Conditions (EU-SILC) are becoming increasingly popular in socioeconomic and demographic analysis. 3 The main advantage of EU-SILC is its large country coverage, with a provision of harmonized socioeconomic measures for both individuals and households.
EU-SILC is mainly used for economic analysis, with the demographic information (such as the number of children present in the household) used as controls. However, EU-SILC is also increasingly used for demographic analysis, particularly in fertility research, as the large international sample allows both marginal effects to be modeled and institutional determinants to be taken into account.
EU-SILC provides not only cross-sectional data but also a follow-up of individuals and households, albeit for only a relatively short period (see the schematic for more detailed information about the database). Therefore, EU-SILC is used not only for measuring household size but also for modeling determinants (and/or consequences) of childbearing behavior. The follow-up helps limit the risk of endogeneity, as individual and household characteristics can be observed during a certain period before the potential conception of a child when the purpose is to investigate determinants of childbirth.
EU-SILC-based studies on socioeconomic determinants of timing and intensity of childbirth, differentiated by birth order, have been conducted, for example, by d'Albis, Gobbi, and Greulich (forthcoming), d'Albis, Greulich, and Ponthière (2015) , Greulich and Rendall (2016) , Greulich, Thévenon, and Guergoat-Larivière (2016) , Nitsche et al. (2015) , Matysiak, Sobotka, and Vignoli (2016) , Klesment et al. (2014) , Rendall et al. (2014) and De Santis, Drefahl, and Vignoli (2014) .
However, EU-SILC has not been designed to directly measure fertility indicators. Those indicators have to be compiled indirectly by using the 'own children method.' 4 Moreover, the sampling and the weighting procedures are not directly designed to ensure non-biased fertility measures. Thus, measures of periodic fertility are likely to be biased due to sample selection (underrepresentation of childless individuals who are 'at risk of having', i.e., likely to have, a child) and attrition. It is possible that attrition is directly linked to fertility, as childbirth (be it planned, expected, or just completed) might cause the individual or household to move, which implies a risk of losing
Description of the database
The European U nion S tatistics on Income and Living Conditions (EU -SILC) is a European survey provided by Eurostat. This survey was created in 2003 to replace the European Community Household Panel (ECHP) and now includes 31 European countries. Since then, Eurostat has released a new wave every year. The survey gathers harmonized and comparable data at the individual and the household level on income and living conditions, as well as on adults' demographic and socioeconomic characteristics (sex, age, education, labor market position, parenthood etc.).
EU-SILC is composed of two datasets, one cross-sectional and one longitudinal. The annual cross-sectional data is produced from the longitudinal panel (integrated design). The longitudinal dataset of EU-SILC is a rotational panel of four years, which means that for the majority of countries, individuals are observed for a maximum period of four years. The integrated design allows for a large number of observations for the cross-sectional database. In the cross-sectional database a quarter of individuals are observed for the first time, a quarter for the second time, a quarter for the third time, and a quarter for the fourth time (as shown by 'Time = T' in the schematic below). This integrated design reduces measurement bias due to cumulated respondent burden and sample attrition.
Source: Eurostat Guidelines for EU-SILC, 2012
Some countries provide a follow-up of longer than four years (nine years in France, five or more years in some Eastern European countries). By contrast, there is no longitudinal database for Germany. The majority of countries joined the survey in 2004 and 2005, while several Eastern European and Mediterranean countries joined in later (Malta, Croatia, Romania, etc.) .
The survey contains information on both individuals and households. It is possible to identify adult women, their partner if they have one, and any children who live in the same household. EU-SILC does not report information on the number of children directly. However, children are observed with a proper identification number when living in their parents' households. For individuals aged 15+, EU-SILC provides both a register file and a personal file. The register file contains basic demographic information (age, sex, residential status, etc.) . The personal file contains information about education, labor market participation, and income. For children aged 0 to 14, EU-SILC provides only a register file. Besides an individual registration number, the register files contain IDs for the household, father, mother, and spouse/partner, which enables users to merge household members. However, no distinction is made between biological parents, adoptive parents, foster parents, and step-parents.
Households are generally followed when moving as a whole. However, individuals who leave their original household are hard to follow, and this leads to problems of attrition.
EU-SILC provides detailed measures of individuals' labor market status (reported on a monthly basis and distinguishing between full-time and part-time employment, employment and self-employment, type of contract, hierarchy and sector, etc.). This information is rarely available in other, more 'demographic' surveys. One exception is the Gender and Generations Surveys, but this survey has more limited country and time coverage (just three waves, and only the first wave is nationally representative). Also, in the GGS, information on socioeconomic characteristics of the partner is not available, and employment measures are less detailed than in the EU-SILC. Other surveys, such as the European Labor Force survey, contain information on labor supply but not on income. Some surveys exist that contain both demographic and economic variables, with individuals being tracked for more than only four years. But the limitation of these datasets is their national focus, since these long-run surveys generally cover only one given country (the German Socioeconomic Panel or the American Panel Study of Income Dynamics, for example).
Quantification of the measurement bias in total fertility rates
To get a first idea of the extent to which measures of periodic fertility are biased in EU-SILC, we use EU-SILC to construct total fertility rates (TFR) for each country. The cross-sectional samples of EU-SILC can theoretically be used to calculate aggregates, as the country samples are designed to be nationally representative probability samples of the population residing in private households within the country, irrespective of language or nationality. For each country, a minimum effective sample size is respected, and the personal cross-sectional weights of observed individuals (children included) sum to the real population size of each country.
To quantify the measurement bias, we compare the weighted fertility measures obtained from EU -SILC w ith the unbiased measure from the World Bank World Development Indicators (WB WDI) for 27 European countries. We use the WB WDI rather than the Human Fertility Database (HFD) in this section in order to obtain the largest possible country coverage. The HFD is then used in our later analysis, as it provides information on age-specific fertility by birth order, but only for a subgroup of European countries.
The WDI measures seem relatively unbiased, as they are limited to populations where the registration of births by official statistical agencies is virtually complete and where population estimates over the range of reproductive ages are reliable.
To measure total fertility rates with EU-SILC, we observe children born in 2010 in the cross-sectional database of 2011, for women aged 15+. To obtain the TFR, we calculate the sum of age-specific fertility rates for each country. We compare this measure to the total fertility rates for 2010, given in the World Bank's World Development Indicators. Figure 1 illustrates the relative measurement bias in total fertility rates for each country. EU-SILC underestimates total fertility rates in most European countries except Switzerland, Iceland, Luxembourg, Austria, and Sweden. The downward bias is highest in Romania, Slovakia, Bulgaria, Greece, Lithuania, and Germany. The arithmetic mean of the relative difference between the EU-SILC-derived TFR and the unbiased TFR is 15%. The biases are quite heterogeneous between countries and fertility measures. Countries with high fertility rates are not automatically those with the highest biases in EU-SILC. The country classification in high-and low-fertility countries remains the same for the large majority of countries when using the EU-SILC measures or the unbiased fertility measures. Exceptions occur only for those countries with fertility measures around the European mean. EU-SILC identifies the same highest-high and lowest-low-fertility countries as in the HFD and the WB WDI. Figure A -1 in the Appendix compares EU-SILC-derived TFRs with the unbiased TFR measures and, besides an underestimation, also illustrates a high consistency between the series. There are larger discrepancies in total fertility rates for only a few countries. Without Slovakia and Romania, the correlation coefficient (R 2 ) between the two series is 0.72. It should be noted that our method for calculating total fertility rates, also called the 'own children method' (as defined in section 1), is known to underestimate total fertility rates because between the date of birth and the time of the survey some children may die and some children may no longer live with their mother. Omissions of newborn children by respondents can also lead to understating this measure. However, the underestimation caused by these factors is known to be very low in European countries (5% of children in France, for example: see Desplanques 1993) . Given the relatively large extent of the downward bias in total fertility rates in EU-SILC, it is likely that the bias is caused by other factors.
There are three possible main explanations of the downward bias in TFR in EU-SILC. · First, it is possible that in the questionnaire some parents do not declare having a new child shortly after childbirth, but provide information about their children with a certain time delay. · Second, it is possible that parents who have just had a child, who are about to have children, or who are at least likely to have children, are underrepresented in the sample (sampling selection bias). This is potentially linked to attrition. · Third, attrition is potentially linked to childbirth. Parents who are planning to have a child, who are about to have a child, or who have just had a child might move due to this event, which would increase the risk of dropping out of the survey (sampling attrition bias). Attrition affects not only the longitudinal database but also the cross-sectional EU-SILC samples, due to its integrated design (see the schematic in the introduction for more information about the integrated design in EU-SILC).
In theory, as both the cross-sectional and the longitudinal data are based on nationally representative probability samples (see, for example, Eurostat, 2013, p. 20) , the weighting procedure in EU-SILC should compensate for these losses. For each country Eurostat defines the minimum number of individuals and households required for sample sizes, and the database provides a series of weights (household design and cross-sectional weights, individual base weights, individual cross-sectional and longitudinal weights). According to the Commission Regulation on sampling and tracing rules (EC No 1982 /2003 , "weighting factors shall be calculated as required to take into account the units' probability of selection, non-response and, as appropriate, to adjust the sample to external data relating to the distribution of households and persons in the target population, such as by sex, age (five-year age groups), household size and composition and region (NUTS II level), or relating to income data from other national sources where the Member States concerned consider such external data to be sufficiently reliable" (Eurostat, 2013, p. 30) . Hence, for each country, weights are supposed to be adjusted to external sources (like censuses, population registers, labor force surveys etc.). In theory, by using weights, researchers should be able to reproduce the population structure of each country; in terms of composition by age and sex, for example, but also in terms of socioeconomic characteristics. However, the documentation provided by Eurostat about how weights are constructed is unclear (see also Iacovou, Kaminska, and Levy 2012) , and Eurostat gives no precise information about the effectiveness of the weighting procedure conducted in each country. Consequently, the degree to which the weighted data is really representative of each country is unknown, both in terms of particular demographic characteristics such as fertility and in terms of particular socioeconomic characteristics. The fact that we identify a downward bias in total fertility rates suggests that the weighting process is inefficient in compensating for the underrepresentation of childbirths/ newborn children in EU-SILC.
Attrition
Among the three potential causes mentioned above, attrition merits particular attention due to its causal link with fertility.
In general, efforts are made by the interviewers to follow up households for the foreseen time period, even when the household moves or splits. In the longitudinal survey, Household ID and Personal ID never change, not even when the person moves to another household (Eurostat 2013) . Information on household and individual movements is included separately in the longitudinal database (coded as "household status" and "membership status" in EU-SILC). However, tracing individuals and households who move between waves is not always successful. In the French SRCV, for example, only 65% -70% of individuals who have moved in one year are followed up in the next year. The likelihood of being followed up when moving is highest for the principal respondent, and much lower for the other household members. Longitudinal weights provided in EU-SILC are supposed to take into account the phenomenon of non-response, but they are constructed based on the implicit hypothesis that individuals who moved but could have been followed up have the same characteristics as those who moved but could not have been followed up (Burricand and Lorgnet 2014) .
When comparing the events of childbirth reported by the longitudinal database to the ones reported by the cross-sectional EU-SILC database, we find that the longitudinal weights are calibrated to represent the cross-sectional population (for more detailed information, see Figures A-2 and A-3 and their interpretation in the Appendix). This reduces the bias caused by attrition to some extent, as the cross-sectional database is less affected by attrition. However, due to its integrated design, not only the longitudinal but also the cross-sectional databases are affected by attrition in EU-SILC.
Attrition is potentially linked to fertility, as starting or enlarging a family might incite parents to move, which increases the risk of not being followed up in EU-SILC. This risk is even higher in case of household splits. If a member of the household leaves the household to live elsewhere, the chances are high that he/she is no longer followed up, especially if the person is not the principal respondent. Adult children who leave the parental home are thus potential candidates for having relatively low follow-up rates. These are in general likely to have a first child, which might explain why EU-SILC especially underestimates childbirth of order one for young women below the age 30. Following this logic, first childbirth will be particularly underestimated for those adult children who leave the parental home because they start their own families. While in some European countries it is relatively common to live alone or to share a flat or live with a partner for a certain time before having children (Nordic countries, Continental countries), in other countries, especially Mediterranean ones, it is usual to leave the parental household only just before having one's own children (Eurostat 2015 , Prioux 2006 , Macura and Beets 2002 , Kiernan 2002 . These childbirths are particularly at risk of not being observed in the longitudinal EU-SILC database. Another group of individuals that might be particularly affected by attrition is people who divorce and separate (Iacovou, Kaminska, and Levy 2012) . Births for those who found a new family shortly after separation also risk being under-reported in EU-SILC.
In order to gain more insight into the question of who is particularly concerned by attrition, we now analyze follow-up rates for women aged 15 to 55 who entered the EU-SILC in 2009 and who are supposed to be followed up for four years until wave 2012 (women are in the same rotation group, in each country). EU-SILC does not provide longitudinal data for Ireland, Switzerland, Germany, and Croatia. Sweden, Slovakia, and Romania are missing in Figure 2 , as for these three countries longitudinal data was only available until 2011 at the time we conducted the analysis.
On average, for the 23 European countries 61% of women are followed up for four years. Figure 7 illustrates that the follow-up rates are very heterogeneous among European countries in EU-SILC. The countries with the lowest follow-ups are Portugal, the United Kingdom, and Norway, while follow-up rates are highest in Lithuania, the Czech Republic, and Cyprus. The heterogeneity in follow-up is potentially linked to a variety of factors, such as age structure and fertility behavior, but also data collection methods. In France, where a subgroup of individuals is supposed to be followed up for nine years, follow-up rates for the first four years were relatively good. However, Norway, Portugal, Slovakia, and Luxembourg also provide follow-up periods of more than four years for at least onethird of the sample for more recent periods, but the follow-up rates for the first four years for the period 2009-2012 are low in Norway, Portugal, and Luxembourg. In general, we observe that besides Norway, follow-up rates are also relatively low in Denmark and Iceland. This might also be linked to the fact that the in the Nordic countries (as in the Netherlands and Slovenia), data collection is based on administrative registers (they use registers to collect several variables) and other information is obtained via interviews with a 'representative' person in the household (Iacovou, Kaminska, and Levy 2012). 6 Those countries presented in Figure 2 that have the highest follow-up rates are not necessarily those countries with the lowest bias in TFR. Lithuania, Bulgaria, Estonia, and France, for example, have relatively high follow-up rates but also high downward biases in TFR. Thus, a good follow-up does not necessarily lead to less-biased periodic fertility measures. Even if 80% or more individuals of a population are followed up, fertility will be downward-biased due to attrition if the individuals who are most 'at risk' of childbirth are the ones that are most likely to drop out of the database.
To understand which categories of women are most affected by attrition, we now calculate follow-up rates by age and number of children. Figure 3 shows that, on average, in the 23 countries follow-up rates drop between age 15 and age 25 and then increase until age 30. Thus, follow-up rates are lower for women aged 20 to 30 than for women aged 30+. Figure 4 shows that between ages 25 to 35 the proportion of childless women being followed up for four years is much lower than the proportion of women with at least one child. It is only from age 45 onwards that differences between women without and with children are no longer significant. Differences between mothers having one, two, and three or more children are never significant. Figures 3 and 4 suggest that once women have their own household with children they are quite well followed up, at least from age 25 onwards. Childless women seem to be difficult to follow, especially between the ages of 25 and 35. Follow-up rates are better for childless women at younger ages, probably because a significant proportion of these women still live with their parents. Follow-up rates are also better for childless women at later ages, probably because an significant proportion of these women are settled and no longer move home so much. 6 The register countries are also problematic when it comes to observing the personal information of several household members at the same time in EU-SILC (for example, when the objective is to simultaneously observe a woman's and her partner's characteristics in terms of education, activity status, income, etc.). While the register files give complete information on the basic demographic characteristics of each household member, in many cases the personal file containing information about socioeconomic characteristics is only complete for the respondent. For about 50% of partners, some information, such as monthly activity status, is missing. We now further differentiate by a number of individual and household characteristics. Table 5 shows estimations of women's probability of being followed up for four years, without and with country-fixed effects (logit regression with robust standard errors). Characteristics are observed in the first observed year, i.e., 2009.
The regression confirms that demographic characteristics linked to fertility are highly related to attrition once socioeconomic characteristics and other side effects are controlled for. Childless women aged 20-30 (who are thus likely to have a first child) have the highest dropout rates. Table 1 shows that couples with children have the highest follow-up probability, followed by couples without children. Lone mothers and, above all, single women (we observe here childless women who are not living with their partner) have a lower follow-up probability. Age has a convex impact, with the 22-25 age group having the lowest follow-up probability.
Those households that own the house or apartment they live in are better followedup than those who rent. Women living in rural areas appear to be easier to follow up than those living in urban areas. All these characteristics are likely to be proxies for women's probability of staying in the same place of residence during the survey period.
When it comes to activity status, we do not find significant differences between employed, inactive, and unemployed women. The only status that is followed up significantly better in comparison to the other statuses is students, most probably because a significant proportion of students are still registered at their parents' home and the parents continue to answer the survey for them. However, the mother being present in the household of the woman is not significant once age, activity status, etc. are controlled for. Finally, once controlled for age and all other potential side effects including country-fixed effects, we find no significant differences between education groups in the probability of being followed up for four years.
Country-by-country regressions are presented in Table A -1 in the Appendix, available as additional material from the website. Apart from the fact that coefficients might not be significant due to low sample size, Table A -1 confirms that in general, in most European countries, the follow-up rate in EU-SILC does not depend on socioeconomic characteristics such as education or labor market status. Table A-1 also shows clearly that women in their twenties are harder to follow than women aged 30+ in almost all countries. Couples with children have the highest follow-up rates, in particular compared to childless women who are not living with a partner. Besides age and household type, tenure status and degree of urbanization are significantly correlated with women's probability of being followed up for 4 years. Home owners are easier to follow up than those who rent in the private sector, and those who live in rural areas are easier to follow up than those who live in urban areas. Exceptions here are small countries, for which the coefficient is most likely to be insignificant due to small sample size and/or because the country is a register country.
The coefficients of age, household type, tenure status, and urbanity suggest that residential mobility causes attrition in EU-SILC. The fact that single women in their mid-20s are particularly affected by attrition suggests that follow-up rates are particularly low for those who leave the (parental) household. This is in line with Burricand and Lorgnet (2014) , who find that in the French SRCV individuals leaving a household are most affected by attrition.
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Our finding that socioeconomic characteristics do not play a major role in dropout observation risks suggests that attrition is not a general problem for obtaining consistent estimates when analyzing socioeconomic determinants of childbirth. However, the finding that single women around age 25 are most affected by attrition is rather problematic. This group is not only likely to have a first child but it is also possible that for these women attrition is caused by the fact that they are likely to have a first child. They might leave the parental household because they are pregnant, because they are about to give birth, or because they are planning to start a family in the near future. The closer the two events 'leaving the parental household' and 'starting own family with children,' the more problematic attrition is for demographic analysis (for example, in countries with long cohabitation and/or rather traditional countries).
In general, residential mobility and childbirth appear to be closely related events, not only for but particularly for first childbirth. Fertility-linked attrition leads to a downward bias in aggregate measures of periodic fertility. This is rather problematic for demographic analysis when the objective is to benefit from the richness of EU-SILC in terms of socioeconomic variables and country coverage, and to calculate, for example, TFR by socioeconomic group. As attrition is not much linked to socioeconomic characteristics, the differences in TFR between socioeconomic groups will not necessarily be biased, but the fertility levels will be generally underestimated.
Applying a retrospective approach
Our TFR measure presented in Figure 1 is based on a cross-sectional database, using individual cross-sectional weights. The fact that we identify a downward bias in total fertility rates suggests that the weighting process in the cross-sectional database is not efficient enough to compensate for the underrepresentation of childbirths/newborn children.
Following our argument that the downward bias in TFR in the cross-sectional database is linked to attrition, children should appear in the survey sometime after their birth. Once parents have moved and are settled with their children they potentially reenter the survey in a nationally representative probability sample.
Under these circumstances, measures of periodic fertility will be underestimated in EU-SILC for most recent childbirths, but should be less biased for childbirths that occurred slightly longer ago.
To test this hypothesis, we calculate total fertility rates of certain years by using different waves of the cross-sectional EU-SILC database. The total fertility rate of a certain year is the sum of age-specific fertility rates of this year, while we observe childbirths of all birth orders. The cross-sectional database is used because of its larger sample size. Figure 5 illustrates the logic of our retrospective approach with a Lexisdiagram.
For example, we use the cross-sectional wave of 2012 to calculate total fertility rates for 2011, 2010, 2009, and 2008 . For the TFR of 2011 we consider all children whose reported year of birth is 2011 by women aged 16 to 50 years old in 2012 (ages calculated by deducting the year of their birth from the survey year). For the TFR of 2010 we consider all children whose reported year of birth is 2010 by women aged 17 to 51 years old in 2012, and so on. We do not use the cross-sectional wave of 2012 to calculate the total fertility rates of 2012, as interviews for the 2012 wave took place throughout 2012: children born after the interview were therefore observed earliest in the interview of the following year. Figure 6 shows that when using the 2012 wave, for example (light-green line), the calculated total fertility rate is the lowest in 2011 and TFR measures are higher in earlier years. For all waves, we observe that the more recent the year, the lower the TFR.
Given the fact that for all years the unbiased weighted TFR measure for this group of countries is higher than 1.55, Figure 11 shows that the downward bias becomes smaller the longer the time delay between the year of childbirth and the interview. The event "childbirth" is thus under-represented in EU-SILC, and children enter the survey during their first years.
Thus, to limit the downward bias in periodic fertility measures, it seems reasonable to observe childbirth in a retrospective way; i.e., to allow for a certain time delay between the childbirth year and the survey year. Figure 7 illustrates that applying a retrospective approach limits the downward bias in TFR to a significant extent in all countries. The EU-SILC measures of total fertility rates presented in Figure 12 allow for a time delay of more than one year between the time of the survey and the birth event. We use the cross-sectional database of 2012 to observe births in the years 2008, 2009, and 2010 . Grouping together three years obtains a sufficiently large sample size for each country, which also serves for the latter analysis, decomposing TFR by age and birth order. To further reduce random variations we aggregate age-specific fertility rates in five-year age groups. With this procedure we observe a minimum of 30 births for each age group and birth order. We compare these TFR measures to the unbiased measures of total fertility rates for the year 2009, which are calculated by using age-specific fertility rates from the Human Fertility Database. We also use the HFD measures for decomposition analysis by age and birth order, which is presented later in this article. Data on age-specific fertility rates by birth order is only available for 16 countries in the HFD. To ensure comparability, the HFD measures are also aggregated in five-year age groups. Figure 7 illustrates that with the retrospective approach, the EU-SILC measures of TFR are not significantly different from the HFD for 14 out of 16 countries. In some countries, EU-SILC measures of TFR are even higher than HFD measures, but the difference is not significant. Children seem to be systematically underrepresented (in EU-SILC) in Bulgaria and Slovakia only. We now use the same EU-SILC and HFD measures as in Figure 7 to calculate the measurement bias in TFR by birth order, as illustrated in Figure 8 . In most countries the remaining measurement bias is caused by children of birth order 1. The fact that total fertility rates are below two children per woman in most countries certainly contributes to the importance of birth order 1 for the measurement bias in TFR. However, the measurement biases are very heterogeneous in European countries and do not seem to be directly correlated with fertility levels.
For those five countries with the highest remaining downward bias in total fertility rates (Bulgaria, Netherlands, Norway, Portugal, and Slovakia), we now analyze which ages are particularly affected. Figure 9 compares EU-SILC and HFD measures of the age-specific fertility rates, and shows that childbirth is significantly underestimated for ages 20 to 30 but not for higher ages. 15-19, 20-24, 25-29, etc.) ; group-averages presented at the mean age of each age group (17.5, 22.5, 27.5, etc Finally, we combine the information on age and birth order. Figure 10 illustrates, exemplarily for Norway, the measurement bias in childbirths by age and rank (figures for the other 15 countries available on request). Fertility rates aggregated in five-year age groups (15-19, 20-24, 25-29, etc.) ; group averages presented at the mean age of each age group (17.5, 22.5, 27.5, etc.) Apart from Norway, we find that the rate of childbirths of birth order 1 is significantly underestimated for women aged 20 to 25/30 in Bulgaria, the Netherlands, Portugal, and Slovakia, but not in the other 11 countries. For children of birth order 2 we find significant differences for women aged 20 to 25/30 in Bulgaria, Norway, Portugal, and Slovakia, but not for the other countries. With this retrospective approach, childbirths of birth order 2 are very clearly observable in EU-SILC for the majority of European countries, independent of woman's age. The blue and red lines are almost identical for most countries.
For children of birth order 3 there are no longer significant differences for any countries and any ages. Note, however, that from birth order 3 on, in many countries the confidence intervals become very large. Nevertheless, almost parallel red and blue lines can be found in the high-fertility countries like Norway, Sweden, Finland, and Iceland, as well as in the Czech Republic, Austria, and Slovenia. Unfortunately, the HFD does not provide data by birth order for France.
Note that these results were obtained by measuring fertility in EU-SILC with a retrospective approach, which limits the bias caused by attrition. Despite this approach, childbirths of birth order 1 and, to a smaller extent, also of birth order 2 are missing in some countries for women aged 20 to 30. This suggests that besides attrition there is a selection bias in these countries; i.e., not only childless women but also women aged 20 to 30 with young children are generally underrepresented in the sample in Norway, the Netherlands, Portugal, Bulgaria, and Slovakia, and cross-sectional weights do not sufficiently compensate for this fact.
Differentiation by rotational groups
In the cross-sectional database, around a quarter of individuals are observed for the first time, around a quarter for the second time, around a quarter for the third time, and around a quarter for the fourth time (as illustrated in the schematic in the introduction). The cross-sectional dataset is thus composed of individuals/households of four different rotation groups. Following the logic that childbirth causes attrition, total fertility rates should be lower for those rotation groups in the cross-sectional SEU-ILC sample that contain individuals who have been observed for more than one wave.
To test this hypothesis, we calculate total fertility rates (retrospectively for the period 2008 to 2010, as in the previous section) based on the cross-section database of 2012, and differentiated by rotation group. We take into account individual crosssectional weights. Due to attrition, the proportion of women who had just entered the survey (in 2012) is somewhat higher than the proportion of women who had been in the survey since 2009, 2010, and 2011. The Austrian cross-sectional sample for 2012, for example, contains 29% of women who entered the survey in 2012, 25% who entered in 2011, 24% who entered in 2010, and 22% who entered in 2009. Figure 11 illustrates the relative difference in TFR for women who had just entered in 2012 and women observed since 2009, for each country. In the majority of countries, total fertility rates are higher for women who had just entered in 2012 than for women who had entered in 2009. This strongly indicates that childbirth causes attrition. Those women who entered the sample in 2009, and did not drop out until 2012, could have been followed up over the whole period of four years because they did not give birth to a child during that period and thus did not move. The group of women that has just entered the database is therefore more randomly selected than the other groups, as this group is not yet affected by selective attrition -which is why total fertility rates are higher for this group. 
Conclusion
The European Union Statistics on Income and Living Condition (EU-SILC) are increasingly used not only in economic but also in demographic analysis. Researchers benefit from the large country coverage and the availability of several harmonized socioeconomic measures. These variables are observed on an individual basis, and household members can be merged. The fact that women's and their partners' characteristics can be observed simultaneously represents a major advantage in comparison to other more demographic surveys such as the GGS. However, as a nondemographic survey, birth events risk being underreported in EU-SILC. This paper sheds light on the quality of periodic fertility measures in EU-SILC. We find that attrition in the longitudinal database is linked to fertility behavior. Childbirth and residential mobility are correlated events. Consequently, individuals who are likely to have children have a higher probability of not being followed up. This particularly concerns childless women in their twenties. However, follow-up probabilities do not differ significantly between socioeconomic groups in EU-SILC. Thus, attrition is not a general problem in obtaining consistent estimates when analyzing socioeconomic determinants and consequences of childbirth. Yet childbirths, and in particular first childbirths of women under 30, are underrepresented in EU-SILC.
Longitudinal weights reduce the downward bias caused by attrition, as EU-SILC provides longitudinal weights such that the longitudinal population represents the crosssectional population. However, childbirths are also underrepresented in the crosssectional sample, as the annual cross-sectional data are produced from the longitudinal panel (integrated design). This leads to a downward bias in aggregate measures of periodic fertility. Differences in TFR between socioeconomic groups will not necessarily be biased, but the fertility levels will be generally underestimated. Due to fertility-linked attrition, total fertility rates are higher for those individuals who have just entered the sample in comparison to those who have been observed for consecutive waves.
Thus, one solution for obtaining less-biased measures is to calculate total fertility rates by only observing those individuals who have just entered the survey. 8 However, limiting the analysis to one particular rotation group significantly reduces sample size. This is rather problematic for certain analyses of demographic interest, such as calculating TFRs differentiated by socioeconomic characteristics, by country.
In order to maintain a sufficiently large sample size, we therefore suggest applying a retrospective approach when calculating total fertility rates with EU-SILC. Childbirth should not be observed for the calendar year previous to the cross-sectional wave, but with a more important time lag. Applying a retrospective approach limits the downward bias in TFR to a great extent. We find that with a three-year lag, total fertility rates are no longer significantly biased downwards in most European countries. In some countries, however, a downward bias persists despite the retrospective approach, which points to sample selection problems, which, besides attrition, distort measures of periodic fertility.
Overall, our results suggest that for the majority of European countries, EU-SILC can be used for modeling fertility behavior when respecting the precautionary measures mentioned in this article. EU-SILC is a unique database which has several advantages: it covers a large set of countries and a relatively long time period, it includes not only cross-sectional but also longitudinal data, and, most importantly, it provides comparable socioeconomic information for all adult household members. EU-SILC thus has a strong potential for enriching not only economic but also demographic analyses.
In order to improve the quality of measures of periodic fertility behavior, and to allow EU-SILC users to infer information about national populations, a possible direction for future research is to derive weights that can be used to correct estimates of fertility.
Acknowledgments
The data used in this study are from the European Commission, Eurostat, the European Union Statistics on Income and Living Conditions (EU-SILC), the Human Fertility Database (HFD), and the World Bank World Development Indicators (WB WDI). The providers have no responsibility for the results and conclusions of the authors. 
Control for attrition in EU-SILC by longitudinal weighting
Longitudinal weights provided in EU-SILC are supposed to take into account the phenomenon of non-response. To identify how far these longitudinal weights control for attrition linked to fertility within the EU-SILC databases, we compare fertility measures obtained with the cross-sectional and the longitudinal databases, with and without the respective weights. More precisely, we calculate age-specific fertility rates by birth order for women aged 15 to 50 in 2009. First, in the longitudinal database, we concentrate on women who are observed for the full period of four years, from 2009 to 2012, and we observe their childbirths during this period. Second, we use the cross-sectional database of 2012 to observe childbirths for the years 2009 to 2012. In each dataset we group together all countries that are available in the two datasets. We expect fertility to be lower in the longitudinal database, as here we selected only women who are observed for the entire four years, while the cross-sectional database contains four rotation groups.
Figure A-2 illustrates our findings for first childbirth. Without taking into account the cross-sectional and longitudinal weights, we find that the phenomenon of first childbirth is underrepresented in the longitudinal database compared to the cross-sectional database, while the difference is significant for ages 20 to 30 (left panel). For second and third childbirths there is no significant difference between the two datasets (results are available on request). This again indicates that attrition is linked to first childbirth of young women. The right panel in Figure A shows that once we focus on partnered women, the difference disappears. In the crosssectional database we do not know if women were already partnered in 2009 (beginning of the observed period in the longitudinal database). In order to obtain the best comparability between the two datasets we select in both the longitudinal and the crosssectional dataset women who were partnered in 2012. In line with the previous section, this suggests that being partnered is a good proxy for having founded one's own household, which increases the chance of being followed up in EU-SILC, even when the household as a whole moves. It seems that women who do not live with their parents until shortly before or after first childbirth are particularly affected by attrition. A country-by-country analysis (available on request) shows that the difference in first childbirth for ages 20 to 30 between the cross-sectional and the longitudinal database is particularly pronounced in Mediterranean countries, where late cohabitation with parents is quite common, while the differences are not significant in the Nordic countries, France, and other Continental countries, even for young ages. Finally, taking into account the cross-sectional and longitudinal weights leads to the fact that the differences between the two datasets are no longer significant for all ages (all women, not only the partnered ones), as Figure A It seems thus that in EU-SILC, the cross-sectional database, which is less affected by attrition, serves to create longitudinal weights that reduce the fertility bias caused by attrition in the longitudinal database. However, attrition also affects the cross-sectional 
